- -91-1024
LA-UR X LA-UR--91-1924

DE91 014768

cos Aamus Nato o caboratory o8 ope el b, Lie University of Cabforna for the tindged States Department ot Energy under contract W 7405 ENG 36

TITLE  COMPUTATIONAL STMULATIONS OF PLASMA T'LOV SUITCHES AND IMPLODING LOADS

AUTHOR(S) V. L. Petoerson, Ro L. Bowers, J. 1. Brownell,
Ao Lo Greene, and N. F. Roderick

SUBMITTED TO TELE Pulsed Power
San Diepo, CA .
June 17-19, 199] WLV

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
{overnment  Nerther the United States Government nor any agency thereol, nor any of their
employees, makes uny warranty, express or imphed, o assumes any legul habily or respunsi-
bility for the accuracy, completeness, or usefulness ol any information, apparatus, product. or
provess disclused, or repiesents that its use would not infringe privately owned nights Refer-
ence herein o any specific commercaial product, process, or service by trude nume, trademark,
manulacturer, or otherwise does not necessarily constitute o unply 1ts endorsement, recom-
mendation, or favoring by the United States Government or uny agency thereof The views
and opimons of authors eaxpressed herein do not necessanily state or reflect thuse of the
ITnined States Gaovernment or any agency thereol

PO g e Pt e M b e g pee Y U e T Gyt ement enty e, g o sty foy ity free heanse to pubibst o raprodun e
LI TN S BN I TR B e e e g it B b s Yo UE Y inyarnmant porpnises,
N e gy Y I L T TP P RIS R L R L B LI TR RO JYOTS P VY PTTT UL PO L EFENR T SN RN DA SR ] pectormpd ander the gusgnoes. of the LY Department of | nergy

MASTER
) - i C . 'H_r. c
OS AENNOS 193 Aamos Natonal Laboratory

S D
OF THIS DOCUMENT 15 UNLIMITE

1) J

Doy, omu e D'STF“BUT‘ON


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


Computational Simulations of
Plasma Flow Switches
and Imploding Loads

D. L. Peterson. R. L. Bowers. J. H. Brownell.
A. E. Greene. and N. F. Roderick

May 29. 1991

ABSTRACT

The Procyon system in the Los Alamos Trailmaster foil implosion
project i« intended 1o produce soft x-rayv raciation by delivering,
abour 1 ML) of Kinetie eneray to an implodiug plasma liner, The
final switching stage of this svstem will be o Plasia Flow Switch
iPES wlich delivers current to the evlindrical foil load. 1-D and
2-1) simulations are now heipg conducted to examine: the initia-
tion of the PES plasma: the dynamies of the PES and its switching
officieneyt the load implosion and resultine radiation outpur, Con-
sidered Liere, for the PES and inploding load, are the effects of
eleetrode walls, perturbations. and radiation. Comparisons with
experiments cusing the 1.5 NI Pegasus capacitor bank) are also

deseriboed.

I. Imtroductioa

The finnl stage of power conditionine i the Los Alinmos Proeyon ~_\'.~H'ml CONSIsts
of n Pl Flow Switeh (PFS) which switehes o cmvent of npproximantely 15 NMA 1o a0
thin eylindrieal foil Toad. The foil plasiun then inplodes mnd is expeeted to produce soft
%aay riddintion witln tota] energy of abont 1AL Suel switehies Lave perforined saris
faerorily in expeviments on the SHIVA Star eapaeitor hanko ot the A Foree Weapons
Laborators CAFWLL now Phillips Lalornoory o Incothis ey we e vweed o0 1D



radiation-magnetohydrodyuamic (RNHD) Lagrangian code and a 2-D multi-material
Eulerian RMHD code to simulate the behavior of the PFS beginuing with initiation
and endine with the mreraction of the swirtch plasina with the impioding load and the
trausfer of current to the load and the inplosion. We will consider here primarily pa-
rameters appropriate to experiments conducted ou the 1.5 MJ Pegasus capacitor bank?
which delivers ahout 6.5 MA to the PFS at peak current. The experiments have heen
used 1o develep understanding of the switch behavior and for benchmarkiug the codes’
results. We will also hriefly deseribe some simulations applicable at the Proeyon levels.

II. Perturbations

We have used the 1-D Lagrangian code RAVEN ro simulate the inititiation phase
of the PFS. We hegin the 2-D simulations with an expanded plasma usiug an average
density and remperature aud a 1/r¢ variation in density. Although the temperature.
densty. and magnetic field profiles are available from the 1-D simulations. we have
found that the results of the 2-D simulations are relatively insensitive to the details
of the initial conditions. This density variation is ereared in the experiments hy using
a chordal array of wires. which wheu combined with the downstream barrier filu.
produce a plasma with an approximate 1/04 distribution. The density is thus matched
appropriately to the distribution of the maeuetie foree driving the PES. If the radial
boundaries of the plasia are ideal (no electrodes present. no losses aeross them and no
axial boaudary current<i. they this conficuration will retain planarity as it propagates
axially, Further detamls reearding 1-D <imulations of the mitiation may he fonnd i«
(‘(unlmhi()u 1);1111‘1'.1

I praetice the PES will nor retain this density distribution and act inoa planar
wauner danng the ran down the PES bhartell Firsto it must be expeered thar some
deerec of tnitiad perturbation will be present due to the faet that the wires will no
spread autforn vy ro forun the ideal distibunion. There is strong evidence that this s
~o from previoas experiments.d Even cupposing these perturbations were allevinted iy
“sing i, very tine wires, or o araded foll rather than o wire aray ), some regions will
Lieat. fases and heeome i plasima soones thian others if only due tonieroseopie material
defeet<s Radiation pulses from unploding plasmas Lhave heen suecessfully siumlated
wsine the ssammption of rundom density perturbitions in the plasmn after jnitintion™.
naed we Liave apphed this smne techiigne 1o the PES sinmlatious. Lastly, the plasing
will he i contact st the inner and outer radins with o cold, condueting wall for the
thne of the un dowr: the PES barrell Ir can be expected thint this continons per-
tarbation may pive 1ise to features which will affeet awitehing, and. indeed, we hiave
forwd thic to he the most hnportant effeet, T this section we consider justabilities
associnted with thiee elpsses of prerturbation: wall instabilities; large wavelength. sanall
splitude istabilities cmtsed by random densits varintions; and lanrege sinplitade. smal
waveleneth wstalalities arisine st initntion thue, To all of the enlenlations <iown hiere
the PES Tanned i s inner eleenyade radines of 7.6 evn and an onter eleetpode naedins



of 10.16 em. The length of the harre]l has been varied according to optimizations from
0-D and 1-D simulations. The plasma mass is distributed in a 50/50 ratio hetween
the wire array and a downstreamn barrier i, In the Pegasus experiments the total
switchi plasma mass is about 43 me. For the Procyon system the total mass will be
approxmately 150 me.

Figure 1 shows contours of density for a PFS which las completed about 4 em
of its 0 e run vnitial center-of-mass position was at = = 7.9 cnr).  This model.
driven by an external circuit connected across ‘he upper and lower electrodes at the
right. was juitially unperturbed. Of primary importance in this case is the continuous
perturbation from the electrode walls. as can be seen by the presence of a thick layer
of plasma coated on the lower electode (and. to a lesser extent. on the upper electrode)
trailing the main body of the plasma. The mechanism for creating the trailing material
consists of preferential cooling in the plasma next to the wall. and more iportantly,
the transition from axial current flowing in the cold. conducting wall to radial current
flowing in the Lot plasmia. As the current makes this bend. the magnetic pressure
presses material acainst the wall (as well as givine it a forward velocity). Simulations
which model the wall as open to energy flow but reflecting to magnetic field show
this effeet to v much lesser extent. In cases with greater acceleration (sueh as for the
Proeyon system two instability “bubbles™ form near the walls and a “spike™ of plasima
i the center of the PES trails hehind (an example of this may be seen in Fig. 8 of
Ref. 10 The key effeer of this trailing material is to create a bridge of material helind
the PFS whicli may impede switehing by inereasing the switching time and deercasing
the cwrrent delivered 1o the load. Moreover. a potentially Jaree amount material is
deposited onto the Joad cperhinps lareer in mass than the load itself) and current does
not arvive with axial svinetry, We note that stimualations carried out withont the
clectiodes and with refecting houndary conditions do not show significant deviations
from planarity,

The etfeet of randory density pertarhations within the imtinted plasiia ean he seen
i Fieo 20 Althoneh the plasina develops laree seale 1 aabilities and a thicker <heatl,,
it can be seen that the domduant effeer s due to the vall-induced loayer of material
left on the lower electrode. A aill grenter thickeniug of the plivana <beath ocenrs foy
periodie perturhations nrising at initinton time. As the chiordn] array of wires initintes
there will bi regions of enhnnieed density where wires eross and regions of deerensed
densitny hetween erossings. Althongh this porvern is inhierently 3D, instabilities in the
asnnthal divection will grow mueh more slowly than those in the v 2 plane hecanse
asinniliad instabalities wonld reguire hending, of the field lines, Shortly after initietion
the arviy plosia and the current ow tend townrd o quast syimetrie state, We Lve
used the lenpth senles between wire erossiugs and voids in the jnitind array 1o seed
periodiec vimintions of density in the eadind diveetion (nt e level of 509 of the nomingl
density s An example of thicis shown o Fie, 3 ofter the plsin has teaveled nbont 4 e,
In this ease we found that loneer waveleneth pertarhntions ereated nothicker sheath
thin ~hort wanveleneth oness Ueaine, this iformation. o recommuendation thiat <miller



diameter wires be used in the chordal amray (which would lead to more frequent wire
crossings and shorter waveleugths) was implemented. An array of 160 wires {of smaller
diameter) was substituted for the original 72 wire array. Experimental measurement:
then indicated a reduction in sheath thickness.

III. Switching Efficiency

Ideally. as the back edee of the PFS plasma passes over the edge of the load slot.
maguetic pressure on the very low density trailing edge material will cause maguetic
flux ro be rapidly delivered throughout the load slot transferring current ro the load foil.
The current should arrive in a nearly simultaneous manner across the load and with a
reduction in peak current dictated 1y the necessity of filling this volume with magnetic
flux. Thisx tvpe of behavior has heen veported for PFS performance in experiments
at AFWL.2 It should be noted that our experiments are in a range of current and
enerey botlh helow (Pegasus) and above (Procyon) that of the AFWL experiments.
Owur simulations have reproduced the AFWL results, and we seek now to extrapolate
hoth ahove and below this regime. Computationally. we see different scenarios emeree
i the Pegasus anud Proeyon reeimes. This is illustrated in Fig. 4. which shows four
It curves for the positions marked in Fig. 1. As the trailing switeh material follows
the wain plasma sheath, it's cousiderable mass impedes the delivery of current to the
load 1egion. Basieally., this material implodes onto the load. in a potentially unstable
minnner, with ¢ rent arriving st the downstream side of the load ahead of current on
the npstremn <ide. The material remaining bhelind provides enougly conducetiviry to
st enrrens away from the Joad. Thus the switehing is ‘nefficient and assymetrie,
Fuathier. svitel plasma carrvine the magnetie fickd when pushed against the eleetrode
walls will compress the ing, raising the current value loeally and cansing “rineine” 1
the weasured current. These effecrs Liave heen observed i Pegasus PES expeniments,

IV, Load Interactions

Transfer of switel plisa to the Jowd durine evivent swirehing may serions]y de
gravde the implosion ad subseguent tadiation ontpar, Even when switeline is etficient.,
atd i~ not pecompimied by n sieniticant smount of switeh plasmin, the inteerity of the
iaplosion iy be nffected. Z-pinehies wre highly suseeptible to Royleigh- Taylor msta-
Inlite~ and even o dow level of pertrhations mny lend to nonlinear development aned
breakup of the huploding plasma <hiell hefore wrrival on nxis. Figere 5 illustrntes the
developiment of instabilities inan hploding <hell due 1o the effect of o PFS. In this
ense. the sinmlation is at the higher carrent Procyon level (15,9 MAL with abour 1 N
of hinetie enerey transferred to the load), This simulation begins with an nnperturbed.
IO density disttibution PES ot the edee of the lond ot moving at abont 7 e/ ps.
When svitehine ocenrs very little e s transferred to the Jond, aned abont 9150 of
the ensrent 1 delivered, Nonetheless, ennrent i< dehivered 1o some portions of the load
commpet that otheres The resaline mstabilivies s o <ketel of the expected padiniion



pulse from such an implosion are showu in Fig. 6. The radiation pulsewidr]) i< inereased
to many times that of a 1-D mmplosion. and consists of two parts. a portion of the energy
heing delivered by the rapidly imploding Rayleigh- Taylor hubble regions and the rest
associated with the main shell of material. now grearly thickened. Sucli helhavior lias

been observed i experimental measurements of the radiation pulse from an nuploding
load.?

V. Future Directions

We have examined many other factors in PFS operation (energy. I. J. PFS mass.
electrode ablation. ete) to determine which of them affect switching and lhave found
that the trailing material effect consistently important. There is some evidence that
switching should improve at higher energies which would be advantageous. We Lave
also detenuined that 1t may he possible to “trap”™ a large fraction of the trailing material
1 an anuular groove cut into the lower eleetrode just prior to the Joad slot. Simulations
using this chauge show a much improved switchinug, aud experiments are currently heing
Helded on the Pegasus bank to test this idea.

The interaction of the PFS and the load foil are still under investigation. and
there will he further caiculational efforts is this area as experimental results hecome
avanlable,

Figures

1. Density contours of an unperturhed PES plasia (whichh began witl an iniual
1/ r? density distrilmtion) as the switels plasia nears the load slor.

2. Initial densiry distribmrtion (o and termediante thine density distributions (I aud
e and contonrs of 1 By vdi at the same tiine as (¢) for a PFS with an iimposed
vandom density perturbation at the 30% level.

3. Density ciocand # By (b comtours as the PES appronchies the Joud <ot for a
stnlation hegun with periodie perturhations at the 50 level in density with o
vanvelenetl determined by cliordal array spacings.

1. Lovafor the four positions laheled i Figl 10 (1), sohid. downstrenm near load: (20,
dotted, upstream near lond: (3), dot-daslis above Jond slot: and (4), dashied. at
for melir, upstieam current,

S0 lnmival development of pertarbations i the expanded Joad plasina due to the
netioy of PEFS «witehing. Density contonrs nve shown in (1) and r By contours i1
b

G, Densiry oo aad e Jp i) contonrs near the end of the lwrlmhml implu.\inn from
Fieo o A cketeh of the expeered radintion palse from this sinmlation s <shown
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